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ABSTRACT 

We present XMM-Newton observations of three AGN taken as part of a 
hunt to find very heavily obscured Compton-thick AGN. For obscuring columns 
greater than 10^^ cm~^, AGN are only visible at energies below 10 keV via 
reflected/scattered radiation, characterized by a flat power-law. We therefore 
selected three objects (ESQ 417-G006, IRAS 05218-1212, and MCG -01-05-047) 
from the Swift BAT hard X-ray survey catalog with Swift X-ray Telescope (XRT) 
0.5-10 keV spectra with flat power-law indices as candidate Compton-thick 
sources for follow-up observations with the more sensitive instruments on 
XMM-Newton. The XMM spectra, however, rule out reflection-dominated 
models based on the weakness of the observed Fe Ka lines. Instead, the spectra 
are well-fit by a model of a power-law continuum obscured by a Compton-thin 
absorber, plus a soft excess. This result is consistent with previous follow-up 
observations of two other fiat-spectrum BAT-detected AGN. Thus, out of the 
six AGN in the 22-month BAT catalog with apparently flat Swift XRT spectra, 
all five that have had follow-up observations are not likely Compton-thick. 

We also present new optical spectra of two of these objects, IRAS 05218-1212 
and MCG -01-05-047. Interestingly, though both these AGN have similar X-ray 
spectra, their optical spectra are completely different, adding evidence against 
the simplest form of the geometric unified model of AGN. IRAS 05218-1212 
appears in the optical as a Seyfert 1, despite the ~ 8.5 x 10^^ cm~^ line-of-sight 
absorbing column indicated by its X-ray spectrum. MCG -01-05-047's optical 
spectrum shows no sign of AGN activity; it appears as a normal galaxy. 
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Introduction 



The most difficult to detect nearby active galactic nuclei (AGN) are those that are the 
most highly obscured; little or none of the emission in the optical, UV, or soft X-ray that 
is typically used to identify an active nucleus may be observable in Compton-thick AGN, 
those AG N obscured by column densities of > 10^^ cm ~^ (for reviews of Compton-thick 



AGN, see IComastri fc Fiord |2004J : iDella Ceca et al.l l2008l ). The number density of these 



elusive AGN is an im portant parameter in understanding the hi story of black hole gro wth 
( iMarconi et al.l l2004j ) and feed back/galaxy forrnation processes (iDi Matteo et al.l 120051) as 
well as the X-ray background (IGilli et al.l l2007l : iTreister et al.l l2009l : iDraper fc Ballantyne 
20091 ). but as-yet it has not been well-determined observationally. 

Hard X-ray surveys above ~ 10 keV offer a unique opportunity to determine the local 
number density of highly obscured AGN, as these wavelengths are less affected by the strong 
biases from obscuration and dilution by starlight that hamper the detection of these objects 
at shorter wavelengths. The Swift Burst Alert Telescope (BAT) has performed a whole-sky 
survey in the 14-195 keV waveband, and the 22-month BAT catalog has identified ~270 AGN 
(ITueller et al.ll2010l ). Swift also has the capability to perform pointed X- ray observations in 
the 0.5-10 keV band with its X-ray Telescope (XRT; iBurrows et al.ll2005l ). and has obtained 
follow-up observations of ~ 180 of the BAT-selected AGN. 

The appearance of the 0.5-10 keV spectra of Compton-thick AGN depends upon the 
degree to which they are obscured. If the line-of-sight obscuration is only mildly optically 
thick to Compton scattering {Hh less than a few times 10^^ cm~^), the highly absorbed 
continuum can still be observed at energies less than 10 keV. However, for the most highly 
obscured AGN {Hh greater than 10^^ cm~^), the direct continuum will be completely sup- 
pressed below 10 keV and the AGN will instead be visible in this regime only by X-rays 
scattered/reflected back into our line of sight. Reflection of a F = 1.9 power-law off a slab 
of neutral gas (ionization parameter ^ < 10 erg cm s~^) produces a spectrum characterized 
by F < 0.5 in the 0.5-10 keV regime. AGN continuum reflection from the inner wall of an 
optically thick parsec-scale torus (like those proposed in the unification model) will therefore 
have a flat power-law continuum, along with a strong neutral Fe Ka fluorescent emission line 
at 6.4 keV (for further information an d in-depth simulations of the X-ray spectra of AGN 
surrounded by Compton-thick tori, see iMurphy &: Yaqoobll2009l ). Because of their different 
paths to our line of sight, the reflection spectrum and the primary continuum pass through 
different absorbers, with the result that the column density measured by spectral ffiting of 
the 0.5-10 keV band may not be indicative of heavy obscuration hiding the primary contin- 



uum. 



In order to try to find heavily Compton-thick AGN in the BAT survey that could have 
escaped identification as highly obscured objects due to their apparently low columns, we 
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searched the internal Swift team database of XRT spectra of the 22-month survey catalog for 
sources that seemed to be dominated by reflected light, as evidenced by very flat power-law 
continua. Specifically, we selected sources that 1.) had a best-fitting photon index less than 
r = 0.5, 2.) were of sufficient quality to impose a la upper bound on the photon index 
of less than F = 1, 3.) had a known optical counterpart and well-determined redshift, and 
4.) were not flagged as blazars on the basis of their optical or radio properties. We found 
six AGN met these requirements; two already had follow-up observations to the XRT data 
made by the more sensitive instruments on board XMM-Newton (Mrk 417 and NGC 612; 



Winter et al.l 120081 ). In this paper we present follow-up X-ray spectroscopy with XMM of 



three of the remaining objects, ESQ 417-G006 (XRT T = -0.59+^;}^), IRAS 05218-1212 
(XRT r = -OAStoil), and MCG -01-05-047 (XRT T < -1.5). The final remaining object, 
2MASX J03565655-4041453, was also observed with XMM as part of this program but the 
observation was lost due to background flares. We also present new optical spectra of two 
of these objects, IRAS 05218-1212, and MCG -01-05-047. 



2. X-ray Observations 

2.1. Data Analysis 

The XMM-Newton satellite carries three X-ray CCD cameras: two metal oxide semicon- 
ductor CCDs known as the MOS cameras, and one pn-type CCD known as the pn camera. 
These CCDs allow observations in the range ~0.5-10 keV, with an energy resolution full 
width at half maximum (FWHM) of ~130 eV at 6 keV. Through the XMM Guest Ob- 
server program, we obtained observations of ESO 417-G006, IRAS 05218-1212, and MCG 
-01-05-047. The dates of the observations and the exposure times are given in Table [Tj the 
observation log. 

The data were reprocessed with the standard EPCHAIN and EMCHAIN processing 
scripts included in version 9.0 of the XMM-SAS (Science Analysis System) software, using 
the most recent calibration files in the CALDB. The data were then filtered to exclude times 
of high background noise, and source spectra were extracted from circular regions 32" in 
diameter. Background spectra were also extracted in 32" circles from the same chip as the 
source spectra, but from areas free of any background objects. Response matrices and an- 
cillary response matrices were generated using the SAS tasks rmfgen and arfgen. 

For ESO 417-G006 and MCG -01-05-047 we used the pn spectrum for spectral fitting, 
but the observation of IRAS 05218-1212 fell into a gap between the pn chips and we therefore 
use the combined MOSl and M0S2 spectrum instead of the pn spectrum for this source. 
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AU fits were performed using XSPEC version 12.5.1. 

In addition to tlie XMM data, we downloaded tlie arcliival 22-montli 8-cliannel Swift 
BAT spectra of these objects from the HEASARC to inclu de in our analysis. Details of the 
processing of these spectra are given in lTueller et al.l (|2010[ ). Because reflection of the direct 
power-law continuum off optically thick material is expected to produce a broad "Compton 
reflection" hump in the 15 — 100 keV continuum, these data are a useful complement to the 
lower-e nergy XMM data when trying to determine if the spectrum is best fit by a reflection 
model ( ISevergnini et al.ll201ll ). 



2.2. Spectral Models 

To determine if the X-rays from these AGN are direct or reflected, we fit two models 
to the data for each object and compared them to determine the best fit. In order to fully 
characterize the data, the XMM and BAT data were fit simultaneously. To investigate the 
possibility of variability in the BAT band between the BAT spectra (average spectra over the 
first 22 months of the survey) and the later XMM observations, we downloaded the publicly- 
available 58-month BAT lightcurves (Baumgartner et al. 2011, submitted to ApJS) of each 
object, binned to 64 day intervals (see Figured]). The lightcurve of ESO 417-G006 shows 
some evidence for a factor of ~2 increase in count rate during the 22-month survey, while 
the lightcurves of IRAS 05218-1212 and MCG -01-05-047 do not present obvious evidence for 
variability. Because the cross-normalization factor between the instruments is not known, 
and to account for the variability in the BAT flux of ESO 417-G006, in all of our joint XMM 
and BAT fits we allow the BAT flux to vary by a constant factor. Of course, this accounts 
for variability in intensity only and not spectral shape, and therefore the broad-band form 
of the continuum of ESO 417-G006 is still somewhat uncertain. All error bars are quoted at 
the 90% confidence level. 

The first model we fit to the data, the "direct" model, consisted of a primary power-law 
continuum modified by absorption, plus a Gaussian Fe Ka line, constant*tbabs(powerlaw 
+tbabs*powerlaw +zgaussian) in XSPEC. We used a secondary powerlaw with index tied to 
that of the primary, to model the "soft excess" seen in all of the spectra in the 0.5-2 keV 
band. Thus, we represent the soft excess as continuum light that has scattered around the 
absorber, though our data does not allow us to unambiguously determine that this is the 
case. It could alternatively be emission from a starburst component (though we note that 
the optical spectra do not show evidence for strong starbusts) or emissi on from extended 



circumnuclear gas photoionized by the AGN (IGuainazzi &: Bianchil 120071) . The absorption 



model, tbabs, was used with solar abundances from lWilms et al.l (|2000[ ) and photoionization 
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cross-sections from IVerner et al.l (119961 ) . The column density of the fir st tbabs component 
i n eac h model was frozen to the Galactic absorption value measured by iDickey fc Lockman 
(Il990l ). The second tbabs column, representing absorption intrinsic to the source, was allowed 
to vary. Table [2] gives the parameters of the best-fit model for each AGN, and Figures [2al 
[3al and Ha] show the fits. 

This model provided good fits to the data; reduced values of 1.45, 1.00, and 1.34 
were found for ESQ 417-G006, IRAS 05218-1212, and MCG -01-05-047, respectively. In 
IRAS 05218-1212 and MCG -01-05-047, unresolved Fe Ka emission was detected at the 99% 
significance level, while in ESO 417-G006 no line was detected at the 90% level. MCG 
-01-05-047 was the most highly obscured of the three {Nh = 26.3l}:o x 10^^ cm'^), ESO 
417-G006 next most highly {Nh = 13.5^};^ x 10^^ cm'^), and IRAS 05218-1212 the least 



(Nh = 8.5T^| X 10^^ cm'^). ESO 417-G006 also showed the lowest photon index of the 
three, F = 1.70, while for IRAS 05218-1212 F = 1.85, and the best-fit for MCG -01-05-047 
was found with F frozen to 2, because of its large absorption. 

The scattering fraction (the ratio of the 0.5-2 ke V soft power-law lumin osity to the total 
absorption-corrected 0.5-2 keV model luminosity; see lNoguchi et al.l (120101 )) of IRAS 05218- 
1212 was found to be about 6%. ESO 417-G006 and MCG -01-05-047 had lower scattering 
fractions of only a bout 1%. While optically selected Se y fert 2s typica l ly show scattering 
fractions of 3-10% jTurner et al.lll997l : ICappi et al.lbood ). Iwinter et all J2009ah found that 
many (24%) of the 9-month sample of BAT-selected AGN show scattering fractions of < 3%, 
presumably due to the BAT's unbiased sampling of Compton-thin sources, and thus the low 
scattering fractions of ESO 417-G006 and MCG -01-05-047 are not surprising. 

We then fit the data with a reflection model, constant*tbabs*(powerla'w+tbabs*reflionx), 
to investigate the possibility that the spectra are reflection dominated. The powerlaw rep- 
resents continuum light that scatters around or leaks through the presumed very Compton- 
thick absorption blocking the primary continuum, while the reflionx model represents the 
spectrum reflecte d by an optically thic k slab, and includes a self-consistent value for Fe Ka 



line emission (see lRoss fc Fabianll2005l ). To simulate reflection off neutral material, we froze 



the ionization parameter ^ to its minimum value (1.0) in all models. We also initially froze 
the value of the iron abundance to the solar value. The first tbabs column was again frozen 
to the Galactic value, while the second tbabs was allowed to vary to account for additional 
absorption of the reflection spectrum by material intrinsic to the AGN. 

Overall, the reflionx models did not produce good fits, largely because the Fe K lines 
predicted by this model are far too strong compared to the lines in our data. When the Fe 
K line region was excluded and the model fit to the continuum only, the reduced values 
were only slightly larger than for the direct models. However, once the Fe Ka region was 
included reduced increased dramatically (see Tableland Figures [2bl [30 and llbl) . TableS] 
compares the values of the equivalent width (EW) from the best-fit reflionx model with solar 



- 6 - 



abundances to the measured (or upper limit to) Fe Ka EW determined from the Gaussian Fe 
hne of the direct model. Allowing the iron abundance to vary from solar improves the value 
of but still does not lead to a good fit to the data. While reducing the iron abundance 
reduces the worst discrepancy between original model and the data (the over-strong Fe Ka 
line), the underestimation of the observed continua in the 2-5 keV range becomes worse, and 
therefore reduced remains >2 even in the extreme and probably unphysical case where 
the iron abundance is only 0.1 solar. 

Comparison of these two initial models shows that the spectra are not likely to be 
reflection-dominated, though both models over-simplify the true situation. Assuming that 
the observed column densities correspond to absorption by a simple spherical shell of neu- 
tral material surrounding the continuum predic ts weaker Fe Ka em i ssion (~40 eV for IRAS 
05218-1212 and ~80 eV for MCG -01-05-047; Iheahv fc CreightonI Il993h than is observed 
(~180 eV for IRAS 05218-1212 and ~166 eV for MCG -01-05-047). In reality the spectra 
likely have both direct and reflected components, each affected by several layers of absorp- 
tion with different ionization parameters. In order to get a more physic al picture, we next 
fit the spectra with the MYTorus model of iMurphy fc YaqoobI (120091 ). which provides a 
self-consistent calculation of the reflected and transmitted continua and line emission of a 
power-law continuum source surrounded by a neutral torus of obscuring material with a 60° 
half-opening angle. These fits reinforced the general conclusions from the simpler models; the 
best-fit models show a strong transmitted continuum component absorbed by Compton-thin 
obscuration, with columns similar to those from the direct models. By setting the inclina- 
tion angle of the torus to different values and re-fitting, the MYTorus models constrain the 
strength of the reflection component to be only ~ 3 — 10% of the primary continuum in the 
Ka region in each of the three sources. 



3. Optical Observations 

We were also able to obtain optical spectra for two of the objects, IRAS 05218-1212 and 
MCG-0 1-05-047, on 22 April 2009 using the Goldcam spectrograph on the 2.1-m telescope 
at Kitt Peak National Observatory in Arizona. Spectra were obtained with a grating with 
a resolution of ~ 400 km s~^(2.47 A /pixel dispersion) in the wavelength range of approx- 
imately 4300-8000 A and and a Schott GG 420 filter. For each observation, we used a slit 
with a 2" width at a 90° P.A. centered on the galaxy's nucleus. To eliminate cosmic ray hits, 
we took three exposures each time the galaxy was observed. The stars LTT 4364 and Feige 
110 were also observed with these setting for the purpose of flux calibration. The spectra 
were then reduced and flux calibrated using standard IRAF reduction packages for long-slit 
spectroscopy, and corrected for Galactic extinction using the IDL procedure CCM_UNRED 
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from the Goddard IDL Astronomy User's Library with extinction values from NED. The 
spectra are shown in Figure [3c] (IRAS 05218-1212) and Figure He] (MCG-0 1-05-047). 

Due to its low declination, we were not able to obtain our own spectru m of ESQ 417- 



G006 at Kitt Peak. However, an optical spectrum of this object is presented in lFraquelli et al. 
J2003h . 



4. Notes on the Spectra 

4.1. ESO 417-G006 

ESO 417-G006 is classified as a Seyfert 2, though depending upon the classification 
criteria it could alternatively b e considered a LINE R, due to the very strong [O II] A3727 
line in its optical spectrum (see iFraquelli et al.ll2003l ). Its X-ray sp ectrum shows obscu ration 
by a column of ~ 13.5 x 10^^ cm~^, typical of Seyfert 2 galaxies ( iRisaliti et al.lll999l ). The 
spectrum does not show significant Fe Ka emission, and we measure the 90% upper limit on 
the EW of the hue to be only 0.112 keV. 



4.2. IRAS 05218-1212 



IRAS 05218-1212 is an unusual object: though it is obscured by a column of ~ 8.5 x 10^^ 
cm~^, similar to that of many Seyfert 2s, its optical spectrum is dominated by the strong 
broad lines and blue continuum characteristic of Seyfert Is. The addition of an unresolved 
Gaussian line to the direct model continuum resulted in a Ax^ significant at the 99% level. 
However, because this line has an EW of only 0.180 keV, reflection is not likely to be the 
dominant spectral component. 

There are a couple of explanations for the apparent X-ray/optical mismatch in IRAS 
05218-1212. Because the optical and X-ray spectra are not simultaneous, we cannot rule out 
the possibility that we have caught the AGN in two different absorption states. However, 
it seems unlikely that variability is the cause of the discrepancy in IRAS 05218-1212, as 
i t has been consistently classified as an optical type 1 over the history of its observation 
JOsterbrock fc De Roberti]|l985l : iMorris fc W£^ll989l : Ide Griip et aDll992h. An EXOSAT 
study conducted within two years of the optical spectroscopy of lOsterbrock fc De Robertis 
found it to be a factor of 10 u nder-luminous in the 2-10 keV X-ray band compared with 
similar IRAS-selected Seyferts (IWard et al.lll988l ). Furthermore, our own X-ray and optical 
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data were taken only 8 months apart, even closer in time than these previous data. If the 
absorption is not variable, it may be that some of the obscuring material is relatively dust 
free, either residing within the dust sublimation radius or originating from that region, such 
that it absorbs the soft X-rays but does not add to the extincti on in the opt ical. Alterna- 
tively, it may be that the obscuring material is clumpy (see, e.g.. lElitzuiil2008l for a review), 
and the X-ray absorber causing a high line-of-sight column does not significantly obscure 
the more extended optical line-emitting gas. 

Interestingly, several lar ge surveys have hinted that this type of X-ray/optical rn ismatch 



may not be uncommon (e.g.. lBrusa et al.ll2003l : iTozzi et al.ll2006l : iTrouille et al.ll2009l ). IRAS 



05218-1212 is nearby, and therefore relatively bright compared with the higher-redshift sur- 
vey AGN; it therefore warrants further study as an opportunity to gain insight into the 
survey results. 



4.3. MCG -01-05-047 



MCG -01-05-047 has an X-ray spectrum typical of a Seyfert 2 galaxy (N^ ~ 26.3 x 10^^ 
cm~^). Unresolved Fe Ka emission is detected, with an EW of 0.166 keV. Interestingly, its 
optical spectrum is that of a normal galaxy, t hus making it an example of an X-ray bright 
optically normal galaxy ( IComastri et al.ll2002l ). At a redshift of only 0.017, dilution of the 
AGN emission by the host galaxy can effectively be ruled out. However, the 2MASS image 
of MCG -01-05-047 shows it to be almost exactly e dge-on (the ratio of minor to major axis 
length b/a = 0.11, from NED). iRigby et al.l ( l2006l ) found obscuration by dust in the host 
galaxy to be the main cause of the optical dullness of XBONGs, and this seems to also be 
the case for MCG -01-05-047. 



5. Conclusions 



We have presented follow-up XMM observations of three AGN from the Swift BAT hard 
X-ray survey, selected by their low 0.5-10 keV XRT power-law indices as candidate Compton- 
thick objects. The XMM spectra are well-fit with a "direct" model (absorbed power-law plus 
soft excess). Reflection-dominated models are ruled out by the weakness of the observed Fe 
Ka emission line, and therefore it seems likely that none of these objects are obscured by 
Comptor i-thick material in the lin e of sight. In fact, fitting the spectra with the MYTorus 
model of iMurphy fc YaqoobI ( l2009l ) indicates that only a few percent of their X-rays are from 
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a reflection component. 

Previous follow-up observations of tw o othe r low-F Compton-thick candidates (Mrk 
417 and NGC 612, see IWinter et al.l l2009bl . |2008[ ). confirm that they too are probably not 
Compton-thick. Thus, out of the six 22-month BAT AGN with flat XRT spectra, all five 
that have had follow-up observations seem not to be Compton-thick. 

While all three of our targets suffer from substantial Compton-thin obscuration, they 
all also show appreciable soft excess emission above the extrapolation of the hard X-ray 
component. This soft component apparently accounts for their appearance as flat power-law 
sources in the XRT data, by partially filling in the nuclear continuum's absorption trough. 
Our results therefore underscore the fact that the innate complexity of AGN X-ray spectra 
can undermine the predictive power of low signal-to-noise data; techniques to determine in- 
trinsic absorption that r ely on simplifying assumptions (hardness ratios, for example) may 



often be unreliable (e.g.. lGhosh et al.ll2007| ) 



Though the BAT is currently the least biased X-ray instrument for the detection of 
obscured AGN, it still suffers significant biases against the detection of objects in the truly 
Compton-thick regime. For example, using the MYTorus model to estimate the fraction 
of source flux lost as obscuration becomes Compton-thick shows that a source obscured by 
Nh = 10^^ cm~^ has only ~ 50% of its intrinsi c flux is visible in th e BAT band; for Nh = 10^^ 
cm~^ only ~ 5% of the intrinsic flux is visible (IBurlon et al.ll201l[ ). The BAT is therefore only 
able to detect the Compton-thick AGN with the larges t appa rent brightnesses, those that are 
very nearby or very intrinsically bright. iBurlon et al.l (l201l[ ) report that the 36-month BAT 
survey has thus far identified nine Compton-thick AGN, but only two of these w ere not pre- 



vious ly known to be Comp ton-thick. The two ne w sources (Swift J0601. 9-8636. lUeda et al. 



20071 . and CGCG 420-015. ISevergnini et al.ll2011f l are only mildly Compton-th ick; the BAT 



has no t yet discovered any previously unknown heavily Compton-thick sources. iBurlon et al. 



( I2OIII ) show that despite the low number of observed Compton-thick objects in the BAT 
survey, once the sample is corrected for its bias against the detection of heavily obscured 
sources, the estimated true fraction of local Compton-thick AGN is close to that predicted 
by cosmic X-ray ba ckground models (similar results are found from the INTEGRAL survey; 



Malizia et al.ll2009[ ). Although we hoped our current study would be able to unearth new 



examples of very heavily Compton-thick AGN, given the strong BAT bias against such ob- 
jects it is not particularly surprising that we did not. 

Interestingly, despite their similar-looking X-ray spectra, all three AGN studied here 
appear quite different in the optical, in contradiction of the simplest form of geometric uni- 
fied models of AGN. ESQ 417-G006 appears as a Seyfert 2, IRAS 05218-1212 as a Seyfert 1, 
and MCG -01-05-047 normal galaxy. 
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Table 1. Log of Observations 



Object 


Obs. ID 


Date 


Exposure 


Ct. Rate 


ESO 417-G006 


0602560201 


11 July 2009 


6.3 ks 


0.39 (pn) 


IRAS 05218-1212 


0551950401 


24 August 2008 


28.8 ks 


0.14 (MOSl/2) 


MCG -01-05-047 


0602560101 


24 July 2009 


11.2 ks 


0.36 (pn) 



Table 2. Parameters for Direct Models: 

constant *tbabs(powerlaw +tbabs*powerlaw +zgaussian) 



Parameter ESO 417-G006 IRAS 05218-1212 MCG-01-05-047 



Constant (XMM)'^ 


1.0 


1.0 


1.0 


Constant (BAT) 


1 5-1-0.5 


9 9-1-1.0 
^■^-1.0 


9 1+0.5 


tbabs (Galactic): N^"''' 


0.019 


0.095 


0.025 


powerlaw; F 


=liard powerlaw F 


= hard powerlaw F 


= hard powerlaw F 


powerlaw: normalization'^ 


2.0+g|xl0-5 


l.ll°lxl0-* 


3.9+|j:^xl0-5 


tbabs (intrinsic): N^f 


13.5l}« 


c-t-0.8 

°-3-0.8 


26.3ti;g 


powerlaw: F 


1.70tO;lg 




2.00" 


powerlaw: normalization'* 


1.7«;6xl0-3 


1.7t°jxl0-3 


3.4t2:Sxl0-3 


zgauss: line energy'"''^ 


6.4 


6.4 


6.4 


zgauss: a°''f 


0.01 


0.01 


0.01 


zgauss: redshift"'® 


0.016291 


0.049 


0.017197 


zgauss: normalization'' 


< 7.35 X 10-5 


1.26lo:7gXlO-5 


1.0lt0:gxl0-5 




139.5/96 


167.3/167 


215.7/161 


Reduced 


1.45 


1.00 


1.34 



''Indicates frozen parameter. 

''Frozen to Galactic value from I Dickey fc Lockmaiil lll990l ). units lO'^^ cm~^. 

'^Units 10^2 cm-2. 

'^photons kcV^^ cm"'^ s~^ at 1 kcV 

''in keV 

^ine width in keV, here frozen to an unresolved value. 

^Taken from the NASA Extragalactic Database (NED, |http:// nedwww . ipac . caltech. edul l . 
''Total photons cm"^ s~' in the line. 
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Table 3. Parameters for Reflection Models*: 
constant Hbabs *( powerlaw+tbabs *reflionx ) 



Parameter 


ESQ 417-G006 


IRAS 05218-1212 


MCG-01-05-047 


Constant (XMM)" 


1.0 


1.0 


1.0 


Constant (BAT) 


0.46 


0.46 


0.51 


tbabs (Galactic): Njj"'*' 


0.019 


0.095 


0.025 


tbabs (intrinsic): Nj:/ 


2.9 


0.5 


3.2 


refiionx: Fe/solar° 


1.0 


1.0 


1.0 


reflionx: F" 


2.0 


2.0 


2.0 


reflionx: 


1.0 


1.0 


1.0 


reflionx: redshift"''' 


0.016291 


0.049 


0.017197 


reflionx: normalization-'^ 


5.43x10^** 


4.75x10"* 


4.79x10"'* 


powerlaw: F" 


2.0 


2.0 


2.0 


powerlaw: normalization-' 


1.67x10-5 


7.24x10-^5 


3.71x10-'^ 


X^/dof 


1651.2/97 


1260.8/169 


1280.7/162 


Reduced 


17.0 


7.5 


7.91 



'Because the reduced values indicate that this model is not a good flt to the data, 
parameter error bars were not calculated. 

^Indicates frozen parameter. 

''Frozen to Galactic value from lDickev &: Lockmanl l ll990l ). units lO^'^ cm-^. 
'^Units 10^2 cm-2. 

''The ionization parameter, § = i-wF/n in units erg cm s— ', where F is the total 
illuminating flux and n is the hydrogen number density. 

"Taken from the NASA Extragalactic Database (NED, 

|http : / /nedwww . ipac.cal tech.edu | . 

'photons keV— ' cm— ^ s"' at 1 keV 



Table 4. Predicted vs. Observed Fe Ka EW 



Object 


EW Observed 


EW Expected 




(keV) 


(keV) 


ESQ 417-G006 


<0.112 


0.847 


IRAS 05218-1212 




1.31 


MCG -01-05-047 


0.166ing 


1.03 



* Comparison of the Fe Ko EW measured in the direct 
model with the EW predicted by the reflionx model fit 
to the continuum. 
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1 .0x10" 



5.0x1 0"= - 



- 



-5.0x10" 



-1.0x10"" - 



-1.5x10" 



5.35x10' 5.40x10" 5.45x10" 5.50x10" 
MJD 



(c) MCG-01-05-047 

Fig. 1.—: 58-Month BAT 14-195 keV lightcurves for ESO 417-G006, IRAS 05218-1212, and 
MCG-01-05-047, binned to 64 day intervals. The two vertical lines denote the start and end 
of the 22-month BAT survey, and the red X marks the time of observation with XMM. 
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Fig. 2.—: ESO 417-G006 XMM (black) and BAT (red) data, fit with (a) a "direct" model 
comprised of a power-law continuum modified by absorption plus a power-law soft excess, 
and (b) a pure refiection model, using reflionx. Note that the y-axes of the bottom panels 
are scaled to best show the residuals in the XMM pn data; a couple of the BAT points with 
very large error bars are off this scale. 
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Fig. 3.—: IRAS 05218-1212 XMM (black) and BAT (red) data, fit with a "direct" model 
(a) and a pure refiection model (b). Plot (c) shows IRAS 05218-1212's optical spectrum, 
typical of a type 1 Seyfert. 
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Fig. 4.—: MCG-0 1-05-047 XMM (black) and BAT (red) data, fit with a "direct" model (a) 
and a pure reflection model (b). Note that the y-axes of the bottom panels are scaled to 
best show the residuals in the XMM pn data; a couple of the BAT points with very large 
error bars are off this scale. Plot (c) shows MCG-01-05-047's optical spectrum, which lacks 
the usual emission hues used to identify AGN in the optical. 



